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Abstract 
Seawater source heat pump district heating system is a renewable energy utilization system as it can utilize the sensible heat 
energy contained in the seawater. The energy efficiency of the system is always the main concern for the system researchers. So a 
field measurement with an emphasis on the energy efficiency of an actual seawater source heat pump district heating system was 
conducted, and the energy efficiency enhancement potential of the heat pump unit was analyzed and evaluated. The measurement 
showed that the heat pump units consumed the largest part of energy consumption of the whole system, and the coefficient of 
heating performance (COP) of the seawater source heat pump units was quite low especially during the coldest measurement 
period which was only 2.43. In the light of the concept of Thermodynamic Perfectibility, the energy efficiency enhancement 
potential of the heat pump unit was carefully analyzed and calculated. And the results showed that there is about an average of 
24.2% energy efficiency enhancement potential of the heat pump units in this project. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of CCHVAC 2015. 
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1. Introduction 
Seawater source heat pump district heating system is a renewable energy utilization system as it can utilize the 
sensible heat energy contained in the seawater. North European countries like Norway and Sweden take a lead in the 
engineering application of the seawater source heat pump heating and cooling system[1,2]. Now more research and 
applications of the system have been developed in the United States, Canada, China and Japan[3~8]. And the energy 
efficiency of the seawater source heat pump district heating system is always the main concern for the system 
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researchers. Here, a field measurement with an emphasis on the energy efficiency of an actual seawater source heat 
pump district heating system was conducted, and the energy efficiency enhancement potential of the heat pump unit 
was analyzed and evaluated. 
2. Field measurement and energy efficiency evaluation of a seawater source heat pump district heating 
system 
The seawater source heat pump district heating system is located on an island of Dalian, China with a total 
building area of 130,000m2. The diagram scheme of this system is shown in fig. 1. The field measurement time was 
from January 24 to January 27th of 2013. This was nearly the coldest period of Dalian. The lowest outdoor air 
temperature measured was -11°C and the average outdoor air temperature was -7.0°C. A heat user with the floor 
radiant heating system was randomly selected and its indoor air temperature during measurement period was 
recorded. The average indoor air temperature was 17.4°C which meets the requirement of China national standard. 
The energy efficiencies of the seawater source heat pump unit and the whole system were calculated. As all the heat 
pump units were in the same capacity and operated stably, one of the heat pump units was selected as the 
representative unit and its operational data was collected. The actual COP profile of the heat pump unit during its 
measurement period is shown in fig. 2. The results showed that the COP values of the heat pump unit fluctuated 
around 2.43 within the range of 7% (i.e. COP=2.43±0.18). 
The terminal device was placed approximately in the center of the artificial climate chamber of Dalian University 
of Technology. The chamber has a floor area of 42.75 m2 (7.50 m×5.70 m) with the height of 3.60 m. 
 
Fig. 1.  Schematic diagram of the seawater source heat pump district heating system 
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Fig. 2. Comparison of COP values for the actual unit and the joint venture unit 
The energy efficiency of the whole seawater source heat pump heating system (COPs) is the ratio of total heat 
supply to the overall input power of the system. The results showed that COPs fluctuated around 1.86 within the 
range of 11% (i.e. COP=1.86±0.20) which is relatively low. The power consumption portions of all the equipment in 
the system were shown in fig. 3. It was seen clearly from the figure that the heat pump units consumed the largest 
portion of electricity power of the system (i.e. 78.9%). Therefore the improvement of performances of heat pump 
units should take the key role in the energy efficiency enhancement of the whole system 
 
Fig. 3. Energy consumption proportions of equipment in the seawater source heat pump district heating system 
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3. Energy efficiency enhancement potential of the seawater source heat pump units 
3.1. The concept of Thermodynamic Perfectibility 
In order to evaluate how efficient a heat pump unit is produced by the manufacturer, the index of 
Thermodynamic Perfectibility can be used[9,10]. The so called Thermodynamic Perfectibility refers to the proximity 
of the actual refrigerating or heating cycle to the corresponding ideal one in a chiller or a heat pump unit. 
For the heating mode of a heat pump unit, the coefficient of performance of the ideal reverse Carnot cycle (COPc) 
under the average high and low temperatures in an actual project is calculated as: 
Lh
h
c TT
TCOP    (1) 
In which, Th is the average thermodynamic temperature of thermal source, K. Here Th=(Th,in-Th,out)/2, where Th,in 
and Th,out refer to the hot water temperatures flowing in and out of the condenser of the heat pump unit, K. Th is the 
average thermodynamic temperature of seawater temperature, K. Here TL=(TL,in +TL,out)/2, where TL,in and TL,out refer 
to the intermediate water temperatures flowing in and out of the evaporator of the heat pump unit. 
Then the value of Thermodynamic Perfectibility of the heat pump unit (ηhp) can be calculated out by Eq. (2) after 
the actual COP of the heat pump unit (COPa) is obtained by the measurement data. 
c
a
hp COP
COP K   (2) 
In this project, the average supply and return hot water temperatures were39.9°C and 36.7°C respectively. And 
the average inlet and outlet intermediate water temperature on the evaporator side of the heat pump unit were 0.8°C 
and -1.2°C respectively. So the COP of reverse Carnot cycle under these temperatures is calculated to be COPc 
=8.35. Besides the actual average COP of the seawater source heat pump unit was obtained to be COPa =2.43. 
Finally, the Thermodynamic Perfectibility of the heat pump unit in the project is calculated out to be ηhp =0.29. 
3.2. Energy enhancement potential of the seawater source heat pump units 
From the definition of the index of Thermodynamic Perfectibility, it is obvious that the index can be used to 
evaluate the thermodynamic effectiveness of a heat pump unit from the equipment design and manufacture 
perspective. However the following two questions have to be properly addressed before the index can be used to 
evaluate the energy efficiency enhancement potential of a heat pump unit.  
x Whether the index will vary significantly under different working conditions of the heat pump unit?  
x What is the average value of the index for a common heat pump unit under the current technology level? 
For the first question, a survey was carried out about the current status of the heat pump units in the market of 
China. And the results showed that the index of Thermal Perfectibility of a heat pump unit would vary slightly when 
the working conditions of the unit fluctuate within a certain range whereas the COP of the heat pump unit varies 
significantly[9]. For the second question, the statistics showed that the values of Thermal Perfectibility of water 
source heat pump units made in China mainly fell into the range of 0.3~0.5 with a few high quality units reaching as 
high as 0.6. And the dominant value of Thermal Perfectibility that represents the largest percentage of water source 
heat pump units is 0.41[10]. So compared with the actual value of Thermal Perfectibility in the project (i.e. 0.29), it is 
concluded that the seawater source heat pump unit in the project has about 24.2% energy efficiency enhancement 
potential. 
In order to verify the result, a water source heat pump unit with fairly good performance and similar heating 
capacity is selected from another joint venture manufacturer. According to the data provided by the manufacturer, 
the performance curve of the heat pump unit was regressed. Then the COP variation of the heat pump unit under the 
actual working conditions in the project was calculated and shown in fig. 2 with an average value of 3.26. That is to 
say, the heat pump unit should have 34.6% energy efficiency enhancement potential in this case. Furthermore, if 
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other water pumps in the project were remained the same, the energy efficiency of the overall seawater source heat 
pump heating system will be enhanced by 24.2%. 
4. Conclusions 
A field measurement was carried out for a seawater source heat pump heating system in the northern seaside city 
of Dalian in China. The measurement and calculation results showed that the seawater source heat pump units could 
operate normally during the cold measurement period, but the COP of the heat pump units was quite low with an 
average value of 2.43 during the measurement period and the COP of the whole system was as low as 1.86 in the 
project. 
 The energy consumption proportion analysis showed that the heat pump units consumed the largest part of 
energy of the whole system. So the performance of the heat pump units is the key to improve the energy efficiency 
of the seawater source heat pump heating system. In the light the concept of Thermodynamic Perfectibility of a heat 
pump unit, the energy efficiency improvement potential of the heat pump units in the project was estimated to be 
more than 24.2% in average. And the verification calculation showed that the energy efficiency of the heat pump 
units in the project would improve 34.6% potentially if they were substituted by another joint venture brand heat 
pump units. 
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